The Ftz-F1 genes encode orphan receptors of the nuclear receptor superfamily. The mammalian Ftz-F1 homologue, SF-1, has been found to be essential for the proper development of the adrenal-gonadal axis and it also plays a critical role in mammalian sex-determination. We report here the isolation and characterisation of a novel zebra®sh Ftz-F1 gene, ff1b. Whole-mount in situ hybridization revealed onset of expression in the developing rostral diencephalon at 22 h post-fertilization (h.p.f.). Later, at 30 h.p.f., transcripts could be detected in the anterior regions of the pancreatic anlagen. Expression in both locations peaks at 36 h.p.f. and disappears at around 48 h.p.f. q
Results and discussion
The Ftz-F1 gene subfamily encodes orphan nuclear receptors and appears to be widespread across diverse phyla of the animal kingdom (Laudet, 1997) . The archetypal Ftz-F1 from Drosophila is an important regulator of segmentation during early embryogenesis (Ueda et al., 1990) . In mammals, the Ftz-F1 genes may be divided into two subgroups namely the LRH/FTF (NR5A2) and SF-1/ Ad4BP (NR5A1) based on sequence similarity and expression domains (Ellinger-Ziegelbauer et al., 1994) . The LRH/ FTF genes are expressed predominantly in the liver and have been implicated in the regulation of the a-fetoprotein gene (Galarneau et al., 1996) . Members of the SF-1/Ad4BP have been characterized more extensively and hence, their functions are better understood (Parker and Schimmer, 1997) . It controls reproductive functions by regulating the genes for the enzymes acting in the steroidogenic pathways as well as by modulating the functions of the pituitary and hypothalamus.
More recently, Ftz-F1 homologs have been isolated from other vertebrates such as amphibians (Ellinger-Ziegelbauer et al., 1994; Kawano et al., 1998) , birds (Kudo and Sutou, 1997) , and teleosts (Liu et al., 1997; Ito et al., 1998; Watanabe et al., 1999) . We have isolated a new zebra®sh Ftz-F1
homolog, ff1b, which shows a novel expression pro®le suggesting that it may play roles that depart from those established for mammalian SF-1. As a prerequisite for elucidating its possible roles, we describe here a detailed analysis of the expression pattern of ff1b.
The ff1b cDNA is 2522 bp in length and contains a predicted ORF of 455 amino acid residues (Fig. 1A) . Sequence analysis of the corresponding genomic BAC clone revealed that the transcript is encoded by 8 exons distributed over a total of approximately 25 kb (Fig. 1B) . Except for the presence of an additional intron (IV), the genomic structure of the ff1b gene is highly conserved with that of the mouse SF1 gene (Wong et al., 1996) . Genomic Southern hybridization analysis with an exon 4 speci®c probe reveals the presence of only a single copy of the ff1b gene in the zebra®sh genome (Fig. 1C) . A SF-1/LRH1 gene tree, based only on the ligand-binding domain, was constructed using maximum parsimony. A single most parsimonious tree was recovered and the ff1b is retained as the basal node to the SF-1 clade, while ff1A belongs to the LRH clade (Fig. 1D) .
Expression of ff1b was ®rst detected at about 24 h.p.f. as two tight lateral clusters in the anteriormost region of the developing neural tube ( Fig. 2A) . At 30 h.p.f., the ff1b expressing cells are observed as narrow strips of cells extending laterally from the midline of the rostral diencephalon immediately anterior to the pituitary, as shown by (Glasgow et al., 1997) (Fig. 2B) . By 36 h.p.f., ff1b is strongly expressed in the rostral diencephalon between the eye ®elds. The anterior position of ff1b expression domain . cDNAs for marker genes were isolated by PCR using the following primers: eya1 (AF118106): eya1F (5 H -TGGAGTC TGTCTCTTGAGATCC-3 H ) and eya1R (5 H -AGCCGAACATCATCCTCATGTG-3 H ), six3 cDNA (AF030280): six3F (5 H -GCTGGTGTCAT-TAGGCGATAG-3 H ) and six3R (5 H -AAGGATTGCATCCTGGCTGC-3 H ), pdx1: primer 8 and primer 9 (Milewski et al., 1998) . ac, anterior commissure; drd, dorso-rostral diencephalon; e, epiphysis; hb, hindbrain; p, pituitary; poc, post-optic commissure; vrd, ventro-rostral diencephalon; te, telencephalon; tg, trigeminal ganglia.
relative to the pituitary anlage is preserved at this stage as shown by double-staining for lim3 (Fig. 2C ) and eya1 (Sahly et al., 1999) (Fig. 2F) , both of which are markers of the pituitary. In order to gain a more detailed anatomical localization of ff1b-expressing cells, embryos were doublestained with ff1b probe and anti-acetylated a-tubulin antibody (Chitnis and Kuwada, 1990) to visualize the axonal tracts (Fig. 2D,E) . The ff1b expressing cells can be seen to contact post-optic commissure (POC). The anterior limit of ff1b expression appears to be demarcated by POC (Fig.  2D,E) . Posteriorly, the expression domain of ff1b partially overlaps with that of six3 (Kobayashi et al., 1998) in the ventro-rostral diencephalon (VRD; Fig. 2J,K) . The expression of ff1b in this area colocalizes almost entirely with that of ff1a from 30 to 36 h.p.f. (Fig. 2I) . However, this coexpression is exclusive only to the VRD. Subsequent to 36 h.p.f., ff1b expression is downregulated and by 48 h.p.f., ff1b transcripts could no longer be detected.
From 30 h.p.f. onwards, a second expression domain for ff1b begins to appear in the trunk, emerging as a cluster of cells displaced just to the right of the midline of the 3rd somite. This region was identi®ed to be immediately anterior to the endocrine pancreas as established by immunocytological colocalization with antibody against the zebra®sh LIM homeodomain protein Islet (Korzh et al., 1993) (Fig.  3A,B) as well as by double staining with zebra®sh proinsulin probe (Milewski et al., 1998) (Fig. 3C,D) , both of which mark the islet cells of the endocrine pancreas. ff1b-expressing cells are clearly distinct from those expressing Isl-1 and proinsulin (Fig. 3A±D) . The onset of expression of both ff1b and proinsulin is preceded by that of pdx1 (Milewski et al., 1998) . In our study, pdx1 expression begins at around 22 h.p.f. and its staining pattern appears as a thin wedge-shaped epithelial layer that underlies the presumptive expression domains of ff1b and proinsulin. Its expression peaks at 24 h.p.f., coincident with the onset of expression of proinsulin. Following this, pdx1 expression recedes rostro-caudally and by the time ff1b expression begins in the trunk (,30 h.p.f.), pdx1 staining can be observed only as a faint patch underlying the ff1b-positive cluster. This weak staining persists to 36 h.p.f. (Fig. 2L) and fades thereafter.
ff1b expression was also analyzed in the zebra®sh midline patterning mutants one-eyed pinhead (oep m134 ) and cyclops (cyc). Both mutants exhibit de®ciencies in prechordal plate development resulting in cyclopia. In addition, oep mutants show defects in¯oor plate development and positioning of the anterior-posterior (AP) axis (Shchier et al., 1997) . Cyc mutants demonstrate de®ciencies in mesendoderm and¯oor plate development (Hatta et al., 1991; Sampath et al., 1998) . Expression of ff1b in the rostral diencephalon is absent in both mutants consistent with de®ciencies of the prechordal plate functions which result in the deletion of structures along the anterior midline. In the trunk, ff1b expression appears to be normal in cyc mutants (Fig. 3H) . In oep mutants however, ff1b expression appears as a cluster situated at the border where the yolk sac and soma fuse, on either side of the body axis (Fig. 3F) . Double staining for proinsulin (Fig. 3G ) reveals that proinsulin-producing endocrine cell clusters (arrows) are scattered in an AP direction.
In conclusion, we have isolated a new Ftz-F1 gene, ff1b, . Proinsulin cDNA was isolated by PCR using ins 5 and ins 6 primers (Milewski et al., 1998) . nc, notochord; pm, primary motor neurons; rb, Rohon-Beard cells.
